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WXULTRA, Subproject g%

purposa:- To developéﬂgor?;ssfpbiéﬁ{:rn;; .
dlontde o Snd pH of body fluids; to stvdy relavivie—. .
i and psymof-‘h?ﬂiolﬁsical, vorisbles. A -

Initiated; September 1960

ss5 6 grantee of the




Date of Obligatiea: .. N/A
Pbrpase of Project: Research in “The

___Psychopbyslological Correlates of

Carbon Dioxide Environmeat" =

. -

Progreas to Date:.._Project being

Expiration Da&e:*“@‘

Project Moaitor: SRR
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1. This is to certify that I hava received an accounting =

froa MQULTRA, Subproject 124 which reflecte expenses of

$2,497.25. Tha accounting 1s being retained in the office ofiiiig:; e

ISh whore it my be revieved by the cer certixwms officer upm

requeste

2+ The balance reaamms after recording the expenditures -
has been refunded. _Thia reo in the amount of $40.54 has been
recorded on theg BDIO rietary cmpany ;‘;ggneial
r%eﬁrdan,lr i .

3. I certify that satiasfactory services represented by -

the accounting have been recelved and that t0 the bdeat of ny
knouledge and belief the funds mnﬂed ware for the mrposes .

suthorized by the project approval, .

APPROVED: S

o iag

ne/TsD .




Acld Base Research Project,

Recedpts -

Wi p:uent hcrudth the final ‘accounting of the -

1960 = October $3,250,00
1961 = Februsry . 3,250,00
§6,500,00
Disbutsemants
1960 « Tquipment = i , e $2,449.16
1960 « Equipsent - (NEECKANUREHMENUOGAIES: O  1,300,00
1960 _« Other expend tures 213,05
1961 « No disbursements
1962 = Ra disburaements
1963 = 7=16 Labor 158,00
= 8230 Labor 441,00
w=—9=12 leor 222,00 .
1964 » 218 208,00
: «—9a14 B 25,01
w11e23 , 302,93
=111-23  SoEER ultant 100,00
«-11.23 'S8 yonsultant @ 250,00
=-12-28 = 22,79
w-12-28— 78,52
1965 = 1-21 o
-600,00
« 2«19 60,00
- 4=26 29,00
| $6,459,46
Decy 30, 1965 Balance remaining [ WY - . .

Our chack in tha,&m;;t of $&0.56. representing the unex-

pecdad balsnca, is encloseds

Very truly youxs,




October 8, 1964

Dear Mis®

Controller
Acid Base F1
explains the delay.

The amoum remaining in the fund is $1,508,78;— e

Of the approximately $1,000 expended since our last report,
over 95% has gone for payrotl, o

At the present time we are engaged in a study in which the ..
background knowledge and apparatus provided in the grant willbe of —————
considerable use. We are administe ring carbon dioxide and air in
mixtures up to 10% carbon dioxide to hypertensive prisoner subjects in

" an attempt to study the «ffect un resting bleod pressure levely That the
acid base level is related to the resting rate of blood pressure is a
long=shot hypothesis, If uny eifect is demonstrated, this could be an
iinportant centribution, We plan to measure ‘changes in the acid base
balance and blood pressure and particularly the length of time that these
changes persist. There is some evidence in the literature that if one sets
carbor dioxide tolerance at a new level, that homeostatic mechanisms
will maintain this for a considerable period of time. I will certainly keep
you informed of cur results in this experiment,

I cortify that 5¢ Sincerely,

2 tean

o CoES Jofk\
MDISER TY/S AN - ACCTE)
MERELY f STRTE MENT J



lection by catching it under oil, This failed bacsuse S

2 S

SO Septemter 10, 1963 ' !’

) Pursuant-to my letter of April 25, I em reporting to you -
an the Acid-Base Study, During the past tvo montho _we_have trained = .
s technician to work with thARSEESEISIE) vy 111 e & atudent ;
in Chemistry thig fall et t We expect to
run experimént&lwiubjécti on%

We-attempted ore experiment to simplify tinger blood col-

subjects sccording to stander %

‘Funds revaining in the 3rtnt are curficient for the next -
year's studies, = [

We-vill raport to you sgain on December 15, , -

Sigggre
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| ‘cioseu pleasa find the acecunting 013

Sen@, oo

7

. ; Enciosed is an &ccounting o’
since I had all his xecords and wad¥'th paygents for him,
- He may use: ‘the balauce up ‘in soue “amall axpaaditurey whichf5
he has not: yat requ&stgd(reimbur:g@pnt for 59 please gsa tj;d

: close this one- ¢ut. S
Enclosed also ls a'copy cf h Iefter fra'ga» Dol
whic\ you can put in his file. ~Ke fa st{ll spending our’ ST
_grant money and won t account until 1t is all gone, . ... . %
Best paracﬁsl xegards. - fs’f;;'f~Li'?f1 ;3*;"f7f R
’ 3
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o o ' VEX2Y44
T T T TN 3 £ )
- \'.l Y o 2 ..
. of
Grants Received
1960 _ § 3,250.00
1961 - 3,250,00
$ 6,500,00

Disbursements

ssories $ 2,545,06 ~ .. T T

Zrapa _ o P
© "Total cost_. . $ 2,500,00 -

- ©1,200,00  1,300,00 ; -
Other e D § V0 | s et S
3,962,21
Unexpended Balance : $ 2 537,79
~

il eertTfy trat services or materials have Yeen
satisfactorily received and tha expenditures

¥ere incurred on official hisiness..
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Receipt 1s hereby acknowledged of the following check: "
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A T o i TSR o 35
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, No. 833
Cost Account 2E - /827~ (9L
Object Class —
I Otligations Obligations Unliquidated
Date Remarks and References Incurred Liquidated Balance . .
1 ?_VL;:ZZM.@/ R ;. 17, B - R
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t ¥inance Piviaion
P ORCULTRA, Subprojeot 323

L]

Uodar the authority grented in the semorandust dated
13 April 1953 from the ICX to the ID/A, and the extepalon of .

this suthority in subequent wemorands, Dubprojest 124 bas’
been spproved and $5,500.00 of tha over-all MKULTRA project

funds has been odligated to cover the subproject's exponses., -

This cbligation of funds ahould be eharged to Allotmeat 1525
1009-1902,

mIReseexeh Branch .

| CERTEFY THAT FJN"S AR E AVAILAGLE:

02 ¢t G

«ﬂ SEF LT T

" CBUGATON REFTEINCS Ns, £ 3 —196p -

 CHARGE 1O ALDTMINT ro. LT Z O 7. /;’M

AUTHORIZING omcsé

Pisteibattone

Origh 2 - Mdmsm

1 - 78pf0C
- TSD/FASS
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16 Septewder 1960

| MEMORANDUM FOR3 - CHIEF, PIRANCS DIVISION
CVIA s P6D/Budget Officer

SURJECT 3 MXULTRA, Subproject 124, Involce No. 1
Allotnent 1125-1009-1902

1. Involce Bo.lmtbemtotsﬁ,smmrm;tbemﬂ )
subproject is attached. Eowvaver, due to refunds of $5,073,79 froa i
othar projogts (as por attachsents) paysent should b2 made 83 )
followvar

Onahier'l 40 tha axcunt, of $1,406.22

2. Tho checks shiould be forvarded to Chlef, xsa/ammh

Branch, through S’S»/Met Officer, no later than ‘Mi ay, 22
Septeabor 1960, .
3. fThis is & final i6volce. However, since 1t f4 enticipated

that additional funds will bo cbligated for m: m}ect the filea
-should not be celosed. :

m/mseamh Branch

. . ] J(‘.&
Attachsondd 4 L’éf"
‘ . 22 o - . D CERTIFY THAT FUNDS ARE AVAILABLE °
Involce & Certifications cxcutonsescc o, SIS S :
Dletributicas o L GRAIGEIO AUOTNT K. /é&f @;_ /7/,2 -

.&V\

Orig & 2 - Addressee
/7 1 - ESD/FASS——

A J}'riO“'(.l‘m QFFICER
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2O rsn/maentomur

- folloves

16 septmbar 1960

m: cm, mums nmsrw D

PR

SUBJEC? 1 NLERA, ‘vbprogoct 124, Involcs :o. 1 ,,;; o
'. .;:' ':';3 uhtmnt 12541009'1 i:j B

1. Imrcd.ee Noo 1 in the wwoust of 46,500 eoverzag the avove
tubnrojeet 18 attached, Novaver, dus to refunds of $5,073.78 from
othey pro,&eate (u per attacmate) pcmm sbw.ia bé made es

e

eushier's check 4 thn nwmtwf 41,&26.
&revn on 8 Me,mﬂb L

2, The chiecks ahould be forverdoed %o Chlef, T60/fesearch )
swm, t.brouah TSB/M&M mteer, 8o 1ater than ihu:tday, R

Septeaber wéo.

3. fhis is a fi5a) involce. Bovever, since it is anticipated

" that sdditiznal funds vill be obngnm for this ;ro}ut the files

mmmmelosed,i LR

2 Chdef .o
't5D/Bsssarch Branch
Atschosadh - |
Invoice & c::nﬁcaﬂm T
Pistributioay

Qrig & 2 = Addrosses
1 - TSD/FASS e
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, i . R T
- T B LY 3

has npot yet been made, - . .

" (1) It {s bareby certified that this is invoice No. l epplylng to " -

. MXULTRA, Subproject 12h, that porformence is satisfaatory) that the

gervices are being sccomplished in accordance vith mutual agreements . °
_that & dstailed agenda of the psywents and receipts fa on file dn =
TSD/RB, that tho D11l is Just and correct and that peywent thereof

. "o - Chbief,
Date: o

(2) It s hereby certifisd that this involce epplies to MULTRA, Sube

project 124, vhich was duly spproved, and that the project is being

’,‘IjBD?Rése,arghj::igk:h —

carried out in sccordance with the memorandum dated 13 April 1953, from

o

the DICX to the DD/A, and the extension of this suthority in subsequent N E

remorandsa. -

A

s
g g

Dates




: bel@'ln,

oA
A

L3

- .

+ “"

mmmmas e

ard 65 have been gauamztorm completed and reoturned wrused funds, - -
Bowever, subproject 83, which ia still continuing also refunded money.

© Thereforw,; 1% 19 roquesied that the emcunts aa ohowa Pelew on Iavolca
Ruzber 1 of m’bym.ieet 121} be cm&im to t&e mbm:eets a8 shm

(3) I\‘a 15 hareby ee‘i*tiﬁed tha.t ﬂia yoogren under mbprojaeta 39, 81

Projeqt M - Jﬁ I(QR _rAllotsent

1 26 AW - 5+2502-30-001 ,;,,—r,'—,‘;,,,,:fw, i
CLITLR T 6 L Qe@50R55.902 T T

, TR X — . SR 50 130 5
’ j)@'m— S 11? S 9eE|0RBFe902

Datey

Dates_
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v,

15 September 1960

MEMORANDUM FOR: THE RECORD

SUBJECT : MKXULTRA, Subproject 124

- 2. This study will add to our methodological sophisti-" "~ — " "7 0 -

cation for measuring carvon dfoxide tension and pH of body flulds- -~ -- - 0 -

as w2ll as our knowledge of some of the relationships-between

blood pH and certain psychophyslological-variables meationed in .- - .. -

the attached proposali oo

3.

“accounting for funds expended shall conforn to the established — =

procedures of that organization,”

“Title to wY—Pfgﬁébént ‘equipment 7o o oo

shall x‘em&in witi 2 f”fv n lieu of overhead

charges.
4. The total cost of this project for six months is esti-

mated to be $6,500 as indicated in the attached budget. Charges

should be made agalnst*ﬁllotgent 1525-1002=1902. Any unused funds

will Ye returned to the i the completicn of the project. —
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A Proposed Study of ths Peychophysiological

C{erralatas of the Carbon Dioxide Environment -

Of all the environmental factors which influence haman health,

ths most neglected may be ono of the gaseous conatiuents of the atmose

phere - ¢Arhon dloxide. While the proportion of carbon dioxide in fresh - - - =

air rans only to 3/100 of 1§, the blood and the body cella carry & carban

dioxicda tensiai walch would be in equilibrium with an atmosphors of abouy

S% ecsrbon dioxlde, — - : -

Changes {n the carbon dicxide tension of bady fluide are related

to many physiologieal) and psychologleal processes, Over-bréathing le one

of the concomftants of enxiety: The corresponding reduction of carbon di-

axide tenslon presalts 4n vasoconstristion and increased shwoth and stris -

ated miscle tonus, with the creation of many symptoms. These symploms may = =

te extremely uncerfortable, and act to accentuate anxlety, This vislous
cirole is very 4ifficult to interrupt, voluatsrily, since breathing is

. \
largely an automatic function. We can interrupt it by increasing the carbon

dloxide content of inapired siry and this is an hnpoi‘t_%nt mathod of treat~ - -

’ ing.tsuts anxlaty states characterized by byperventilation. S

Aa indication of the wide-s=pread applicability of carbon dioxide
inhalaticn ¢an to seen from {wo examplea. Spastics and vietims of Parkin-

son's dissasn may oblain appreciasble relief of muecle tonug, for at least
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as mach &s several hours, through breathing a mixtars of S=7% carbon di= -

cxide. The mechsnism Ls that by decrassing the pi of the dlood, more -

body fluld calclum is-lonised and thls is conducive to mascls relaxation.

Another uso of carbon dioxide inhalation lles in the treatment
of classloal migraine. In this diseass, the aira phase is characterized
by marked vasoconstriction of cerebral vesssls which constitute part of I

the tree of one or the other ¢a;r<;ud -arteries. Aural phenomena, such as -

visaal scotomata, are a reflection of temporary corebral anoxeala. After

minutes to hours of vasospagm, the affected vessols bacome totally exhausted
and epring into vagodilation. The painful phase of migralne—is thought to -~

be an action on pain fivders in the stretched walls of the vessels. Prelim=
inary obsernﬁ;ena indicate that inhalation of carbon dloxide In the aura =~ =

‘phase of classical migraine can abort the syndrome by causing vasod;nétiéh*' o

bvefore the améeth miseles of the cerebral vessels ara*totauy;ng;ésﬁd(; o

Research in the effects of the coellalar carbon dloxide environe
ment has besn negligible. This neglsct may be attributable to several AT
reasons: In the firast place, iy:cux‘at,é studios of tha gaid<baso balance of = T

the blood havse usually required a sizeable amount of: arterial blood. This

is not easy to come by, since artsrial puncture is a difficult and painful
procedure. TIn the sacond place, thers hag rean no simple portadle device

for providing carbon dloxids for inhalation. Finally, thers has been no

P
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comecertod effort by pharmaceutical compenles to study the problem, since

no patentadle durg is involved. Cardon dioxidé,is chagp ~- ornipresent . .

in the eavironment.

long ago, one of the applicants worked on the acid-bass balance

with micro methods and capillary finger blood.  The methods wers falply ac~
curate bat very complicated.- We knew_that sinple mathods would be perfectad,

bat were unable to do this oursslves. In May of 1960 a simple micro system

£
il Cﬁvuuavﬁ’fv~

¥e have devaloped and used a simpls portabls source of carbogen -

and are proseatly using it in explorations of the treatment of migraine.

The situation is now ripe for a comprehensive study of the bles ~— ~

chamical physiologleal, psychological and treatnsnt aspects of alteration =

of ths cardbon dioxide level of body flaide.

It is proposed that the acld-base equilitrium of psychiatric - — (o fume——
. o S oad

patieats be sarveyed, ueing the new mothod of ¥l . Verlations

ralated to diagnosis and course of illness may be readily perelieved.Then, — — —

with the samo kind of patients, the feasibllity of altering the acid-bass — -
equilibrium b8 carbogen inhalation, and the duratfon of alteration after —
#ich inhalation, would be studled on patients ox normal volnteers, The

effect of carbogen inhalation of selected patlents, espaclally spastics,

o

vietims of migraine and patients with anxiety would be studied, with repeat--
-“\ (g "'(i‘“}" , f’ 1{'“5_@7.%' O §. gi‘\?,‘_.w‘- . k\. Z«\?}_ L "'cv?'{'!—: ac,-:i«-- g Tt (,*{HM:§‘
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ed physical determinations of acid-base variedles., Effect of acid-base =
changes on FEO, EXO and blood pressure would be deterained withapoly-

graph waleh is alféady avallable,

In summary, ,the,,prmaryfgbje‘etive of the propesed study s %o
explcra the paramcters of acld-base psychophysiologlcal correlates, using o
a mathod which has just been made avallable, While thers are specific treat-

ment objectives, such as in casas of excess motor tonus, migraine and anxis

aiéy, thess are sscondary.
o M c w\\.L
2. Mathods ore esgentially the mioroanalytic system ,of,%

- standard inhalation methods and a versatile polygraph. Wwhere ==
appropriate, psychologlical tests as well as p,p)'ggiihii¢ intervievs ,j?bnid.:;,,,,;;,f,,f -
ve used, '
The basic facility is a very aotlive psychliirie sorvice special~
i2ing in scute illnesses, topother with the ataff and facllities of a general =~
hoapital. ' |
3. Basic exploration shonld hot require over 6 maths., ﬁ R
L. Buadzat: Yo do not yet have A breakdown on the Siggaard Ander- -

san apparatas, but this should bo availadle in a few weeks and will be sent -

in as a sopplement. Total cost of apparatus is here estimated as $2,500.-

Personnel: - Payehiatrist 3 2,000 (1/3 time) e —
Technloian 1,500

14
Apparatus 2,500
Miscellaneons =~
and Overhead 500
$ 6,50
12y~




s Qu&lific&nom. ie a largs,

general hospital with an. acu.ve 2h-bed psycbiatrie gervice. Extensive

laboratory and consultative facilities are availadble. The Hospital 18 in-

corporated as a non-profit organiszation and is tax-exenpt. Gualifications

of the Project Direotor and psychistrist sre indlcated below,

6. wWith the exception of preliminary clinical observations on=—

the treatwont of migrama, there have besn no stadies hearing directly on”

the sabject of tnls propesad.
7. Project Director (without salssy) = .

classical ﬁis:raiaa wuh Carbogen . “The present raqxast is for basic work,

PRy~
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 and overlap with the clinieal study 1s minimal. »
9, A rather interasting application of this study mighy be in
the field of personality evaloation. S@nse thure are certain psychologl.

cal variabla?, sach as;&mzietyj vhich relate to the mid-ﬁ?a’eﬁiﬁiiibrim,

"4t i3 Just zw#sible ‘that the new and simple mothod of acid-,-ﬁééirstadj ,wos.xld R
2oply here. Poesidbly, tho abilily of an individaal to withstand ;‘f;arked aclde o
bage changes withoad developrent erfdis*abliﬁg "é?ii@tbf:ls’or'other*physi';al}—

~ ¢hanges would be*an index of psychological stability. The induction of aseld~ =

base changes, through hypgggaﬁgg;i@gg);g a kind of stress test. With  — ~

the -apparatas 'trhich,15,,,prapcsed,:,thr*exté71t of acidehass chanps could be de= —

terained readily.

1:,%-1




THE ACID-BA%

A NEW AWp
PouL Astxur K. JorcEnsen
M.D. Copenhugen M. Copenbagey - - -
0. S10cAARD ANDERSEN K. Excrr
M.D. Copeabagen . Copenhagen

discuctances of the acid-base metabatism
of uing chemical values, which are pelevam
81 woll 83 & chemical point of view, is sttgised and
axanplified; 10d = saslytical method is Jestnbed for
mestunng the relevant chemical concentrationdh, using
caplllary blood, and available as 2 bedside proceduce®

b e impoTance
v & clinical

wid-bese metabol

(arterisl pCO,) gfiectt a resprratory acid- base disturbance,
cither primsryfoe compensatory. This accords with the

generabview J -

reflects _a.

expoessedfay - srandard bicarborare, or ay buse excess ot

base defift. ! Standard bicarbogate is the concentration of .
12 in plasma,” when = whale  blocd has been

bicar

Classificatton of Dlaturbances = —
The term acvdosis should denote & pathulogica! conditidl

due 2 eccumulation of acid o 10 loss of base. These two), defic) dizectly expreises the amount (in mEqQ.) of strong
poasibilities may lead to the same dlinica! picture, a3 both

tend to lower pH 1n the orgarism. Sigilarly, alkalisis, of

betler Basensis, should mean 8 pathological conditioadus

10 accumulation of base or boss of scid.
T2 tevias " sid " and * basz ™ sre in this peper ued foc

Bydrogen-ion docor and scceptor, respectively, scoarding to - § j

Bearstod (1923).

Toe use of these widely accepied definitions incresses clariey —

(Devae 1933, Pretorius 1954, Reliran 1954), especialty because

the acid-tese metsbolism can be dealt with independenty of

the cation paetabolison. Catines are neitber 1y nor bascs tnd
showld consequently pot be detigrared bases (eg, “iou
bases '), but aations.

Of all scids and beses, carboric acid is physiolegi
unique becruse of it high endogenous production,
becwuse its coocentration is regulated by respinstido.
Dirtwbances primarily due w0 cubonic acid
therefore te clinically grouped separately. Accordingly,
exch of the two oonditiony—acidosis and baseoeis -Sos
be further classified as either rospiratory of non-resper
The last group, often named ** metsbolic ™, compisg
Eturbances primarily due w fxed (oon-volatile)
ol b

Primery disturbance of the wid-bese mersboli
weudlly cooigenstted o e axrent. A respd
disturbance is compensated by & renal mechanismfand »
non-respieatocy disturbance by & respirsiony mechhai
1, fix lostance, pH teads to fall because of aa a le-
toa of sxne non-volatile acid, hyperventilation Yowers the
scterial pCO, e §., Kusamaul's respirstion). The scrual
wae of & pathobogical Coedition can therefore be kharte-
terisad slao by its degroe of compensation: as
prurated (compenstiory mechanism not working), b
compruzsted (PH et beought o pormal valud)
comparzared (pH poxmal,, or ctwrcompensated.

The terms acidemiz sad olbolewia sre wvied
couniries for conditions i which the pH of arterialiblood iy
decressed or incrensed. These terns do oot interfere with the
cChaiiloxion givea here.

Esdmatiens for Diegwosle

To indicate the severity of aa acid-base disoeder the

following  estimations have prived valuable in our

®pericooe,
ny

— are a fized pCO, and a fixed ¥

tory

paIMN. — fuifilled, the pH of blond is

__Any dewnafon from the normal comtent of base in blood
rresprracery ac1d-base disturbance, either
TpEmary . Off cormpensatarv. - The base cunten: shuuld be -

ted with carboa dionide at 2 pCO of ) mum, Hg - s
, o0l ‘When the h&mogiota is fully oxygecated — 7~ T

J

G
sicive vadues will express the excess of base. while

practice.

\Nitre (Sigguard Andersen et al. 196()). -

When actual vijues found are cotsidered the postible -

in sfandard bicarbonate should
¢ it measured under standand
i caly the noa-raspirsiony
Y. The sandard oonditions

The word * standard
signify that the bicarbe
conditions in order 10 ¢

- side of the acid-base meta

so that the influcace of respi

sen and Astrup 1957)7 BaieTexcess of base.

N a! itrarily fxed at zéro.  Zeso ibus correspocds 1 the -
nigroal mean for standard bicarhonaie (229 mEq. por
4~ When the term base excess (B.£.) is wsed exclusively

tgitive values will express the defoit—of base —— —
= excOgpof wiid); wnd thiv makes for simplicity in

ygeration of hemoglobiny -~
ticn on the besccontent —

- of the blood is climinated. Wéihave chosen to measure——— ——— —= -

with the haxmoglobin completely oxygenated and at 2
pCO, of 40 mm. Hg end at 38°C.

fcag!

kad, the Henderson-
— Hagselbalch equaticn
T o }{’__6’1’]’ 3 }l,(::,
e ey

with thess conditions

inserted.  Pull oxygenation of haemoglobin
convenience, and also becnuge it elimingté

1957).

Two cther bicarbonate Quantitics, comumoanly used w
ihioate nimanc:pmmry disturbances, are briefly mentioned
for comparison, Fotal CO, of plapna is the mlue determined
by the manomeiric, volumetric, or tiremane techniques using
Flasaa sezaceied ansercbically from the cells, The ratoe varies,

L
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Tams i-%—.rwm YALLES R TUTAL Oy, 0Oy-CORBINING TOWTR, A and protein owemsranow (wble m). A petient with a low
FTATASD MCARIONATE, DFTIRMINID TN JAMPLES PRCM THE JANS mmmﬁudwulb'mmmﬂnmm
WORMAL RLOOD POCL, a? Ao, GF ) AND X) MM. RG, WITH THE ue&bm—wmmmh‘\&\m

“Concerning the quantity kw sxouns (for deflniion st

i 7- Frosnegtobda: sbove), this gives directly, in @Pq. per litre tlood, the
- vy, pdeed | surplus amounat of fized eckd or bese (sble ). Ttisa ‘{14
wo, . pCO, L quantity easily understood by thove uofanilier whh . §
P mfrfﬂﬂ Hrat  dinicl scid-base prcdiems. Purther it allowy the treat-
Jod OO aM: 0 198 XN B4 N meot of acid-bate peobloms in 4 Quentitative way.— So,

Ak prgras b T %13 M3 from boch s thecedcal and o peactical polat of view, bese
s Shd Smrhoiwa m mdepecte B —  excess fn prefersble 10 buffer base. Ooe argunseat apgaingt
;C:}::glh;% T mperniy 1a et (;:w‘?‘ﬁf‘!‘:: the use of base Giceas fa that it oo not give aa joa-value
' X - foe the base-concertration in bleod. If chis s wanted the
'-,m mmbmmuummnmmc
sarurstion of the b-om!, wd can :hudore ot BRyoe ileal bicarbonate mm of plasma uader sanderd
preesure of noa-respiratory disturbances. This @ itfegyretad ia mm '
tahie I 3
COcombining pooer of plawnc b the tonad CO, 0( ;‘& ;
which is scparsted from the el ot the acrual pCOend Y
equilibestad st 3 pCO, of 4 mo. Hg bokee mes
Ths value also vanes with the scraal pCO, and de
saturation, though less than total COy (1adle 1).
Thus it scema cvident that steadand bicarbonkts is the %
best dicarbomors valut 10 mcaeare when it iv desired w
Hmirate the infhrence of the Wmmdméﬁqgugiﬁ
the pon-respirastory componest orly. ‘The effect of equili- 7
teazing whole tood seernt 1o be approsimately the wome 7
in vitre a8 in vivo (Shock and Hawings 19350 e, o i:f
the raapintony fersvice wis standardised, ff

The aandend bicwrbooste value has, like cther bi-
carbonmte vNues, thwe drawback that it docs not uﬂow
directly the sinount, in mEq. per litre dbload, of fixed scid
or base caueing s change in the base onotent of o
semple. {This 1s becsute the carbon -dlonde, ’t«m’e

o

syatem in resporsitie for ooly sbout 739, of th' ‘buffer B
aamdnbcbkodqnmhcdtdd;mdtmi,'hm\hc* o HcT
pCO, it Xept consuat (so¢ dle 1)), Tharefxe, © fnd Folat A
thezguldc:ﬁmocmhbﬂtwhmﬁh:d e ;gg',_ & s
devison of standand bicarbanate from the normal mean &,“h.,w
must be corrected; Lhucmbetppm}zmmchmhkvtdby e read a2
awluipiying by 120, An axt omccum,x:sqmm oo :

Jedge of the buffer capecity of the blood--1g., the hemo~ v A cr %! A ‘i :
globin oxocentrution. The advaaage of re quantities » COy ”&m ey < et
which directly give the surphus amount of fixed scids of m"“““”‘”db‘“wm”‘w

- 4~
Mmmmmcﬂpdbmbhodum@m Here e hmmm@xm?@“ ~
use of chroge in buffer base or of base 1 is helpful. Quanduddre Tresteseat aw*m« -

Bfe baus (Singer aod Haariagy 1942), which in all cnes  Reproiedy Distubaace hi

shandd be used in the form agrecing with th acid-base oonoept T Changed i lvecisr wawilarion, lealing v roeplng- "
€ oot (1920, s bufke makfy GO ut M Loy hurbuncen! B¢ Gntamioad qommcimively by el
carbeaate, especially hamoghobicate joes.{ Theredy itn vatue of scterial bood, the vakue of which in padees) can ¢
mnwd@;ndl&m-hm\m,h -pCOy ol et ‘ ””7
mBq. per litre, droctly enpresecd the of 834 oe baot bcmx@alfﬁoibcﬂmcdmmmlﬂxc

cooting the cheoge (able ). Octhm band, it epeosents alvecdar air.

s rum of fasors of diffacens bulfw ies. Purthermore, A the ‘eneted amoumt of carbon dicaide »

1A bnger base vadue of @ biend sampNs deghonds ew i haraoglobin wnit i mm:ﬁxmm&n&nlunm&yuxz,@l

TER 3 O—TALU3 IR MWVTVEA RAXE, m,mﬂmm BACAKBCESATYE, BETERMONID DI BLOSS SAMFLE  WITH B
ORCENTEAYION OF RAMOSLCeN (1§ A T3 @ mlwg)ﬁmwmerwmmrmmlwummu;
(IOMFaumnom\

Bood wikh 74 §. i&%.«lﬁl&

N

i ﬁwd!mh\\l m@m,«xmw
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_product of the alveolar ventlstion (A) and the pCO, I S i T
of the wrterial blood has & conwrant value ‘K- A « L ‘“::.'}f;f;:acramwn
= K. Accordingly, 1f the slveolar veatibation decredes w83 1

ST T dve pCO; miust increise, and vice versa. Fur instancd T

decresse of A to half muast double the pCO,, >

" 1o sotne cuses additonal laborniory measurements hel)
in chxidating the cnne of a respiraiory disturbance.

Amvong these the messurement of the oxygen saruranon 3

oe e oxygen teasicn (pOy) of arterial blood is 1mpunmt

Thus, 8 Jow oxygen saturation with 2 low pCO, is agse-

ciated with campletely ditfercat discasss to a low oxygen —

srunation with a hugh pCO,.

Nom-resprratory Dasturbomcas
¥hen dealing with the non-resprratory Jalurbanes,

kocarledge of the total amount of excess acid or rase in Y

thae ceginiam can be of clinicd umportance. The problans -~ - 201

iavolved ere mther complax, sod for proper Uostment 7 [ %

Inow!cdge of the Gsnnitution of acid and base in the 7y

differant body-spaces and the mte of exchange betwesn ’

thera is required. The following spproximeticas are

Deipfil,

¥
Rt

UrPLR BASE
{mEq per Wtre

010, ) 1

) 13
v

BASE ¢4CL5S
. (meq parTitnn)

) 1

The defioit or excess of base in rhe exrraccllhdar bodya— 10 === 1 =3y ‘ I T T T e
spoce can be estimated in mEq. by mulriplyiag the negqative———— g
e S WY WY P e
P . . i8 018730 €0 0
s . B GARD BICAREONATE (mlg prrlitr)
sch At \‘z Fiq. 3 - sWieqg CO )y Eoe for & Mleod sermple, datermbued b b T
s¢ \.\ 1 crfved 1n B V. ]
18 A \ N 1 The powt of sguefsoq' (D) with the bese-rxcest cutve indicates
sa} €y \ o} tbe amount of beam exgorhute be -5 0 mEQ. per hure tlood, whale -
A,.' \ ) 1 peint E indwcgbes the buffer base (= 40 mEq. perlie,. The -~ - -
19> vunderd bingboaate (18 8 AEq. per lireican be derived from e
pH value mnﬁNnAleo O, w40 mm. Hy (Fi. The abwciva
~ st swws pH vn.!ua and standaf) bicerhasete.  The val CO, of the
‘5 +307 plesma fmm the anaerobia’ly Gravs boand and the CO,»ocmbrin(
power u;.\ be found froem 1) ﬁz\.re For thie coloulation me -
!_ hT.18 Segpiard Anderwen and Cngel 198C 5
§ bloods ‘?nlcn. therefore, patien pmm are to bc treated with intres
8 vmou infuriona of acid or base, i is advisable 1o estimate the
tilg eASSE EXCESS dosg_nectasary to normalise the Pase content of the exter_
‘_'“ por fites ) cethular apece agly, tnd then folloss b ihe efect of the treatrent
sl by frequent blood analyses and ais by ¢elnical observation,” — T T
tefore new infusions are given. Thaflovertrestoent is avoided
(\uugngurd and Astrap 1960). . 3
." In trealing the non-respimtorgd distwrbances, it s~~~ —
19 -3:'»*" EYEET R '—;f-( IS e Iy “ ,f important to estimate an abocrmal Bay of wid or base.
N ) ;7 Thit iy eapedilly 3o whea the losy is” xtrarenal--¢.g., in
g, F—pNleg pL0O, Huea for Vivod surmples whh didozrnt Eswme PR sansitive rendrana 3
[H-h cescrairotioa snd dilereat ceatant of base. *' .
A, B, sad C represem !ﬂp&u of pormal Blood with & hzuw;!ybm* — LT s
, woieatymbag of O, 10, end 20 g. pot 100 ml. zeapestiveiv. Ay B, .. —
wd G, dow e d:-pio-:zmu aficr sddition of fxed aid (15, mEq. . - < e
soct acxd per lisre blood); aad A, B, and C, s!\ers!dumufh\: TTooT T T B =
(13 wBq. setivam carborate per litre Moocd:— The powts of inte- Water
mution of theee lines form & curve (U ham-ercens curvel which - jackaty
imdicates e amcunt of base cxoess [posttive valucs and but dcﬁut o Pl
(segarive vadues? in wny blocd semple. H Tap\k malbar ' i
T J - ,"FQL 4 %5'!)8
ot peaitive value found for bese excess, in m}:q; per litze— — ’ g B ftetrade
blood, by 03 x the body-weight in kg, where the c!"“:i’;** "“J'{, : ?si
factor 03 s found experimentlly (Mellemgaard and - - #2Crede R L1 5 -
Astrup 1960).  This amount cursesponds Jdirgatly 1o the : v S ‘iR 9
smount of sadium bicarbonste o of ammoniym chlonde Water inlet "7 " o 4!
Tequired to neutralise 8 om-respirstory Jist hanes in the Te vacuum pump
axtracelhdar space. |
For the mdols body, the factoe 0-7 lboum be usgd instead of To tharmestat
O3 (Palmex sad Van Sivke 1917 e
In dealing with petients, bowever, the Bmount of exiess of TopH mater

deficit of base in the whole dody does not always seem 10 be
directly proporgons) to the excess or defion o{ base 'a the Pig. $—Capillary giaas slectrode for moscnring Muod.pH.

N
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 Wigh-leamon  Low-laagian oo
gos owt st 498 outiet -

(nggurd Andcxxu and Eogel 1 3
The point of intersection
found pHlog p(‘O, hm fora

Io the sarm dw -
So . Andersen md Bogel 1960)
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prloric stenosis and paacreatic fistula. la such
host smount of aad or base should be dctc:mm
tigstion wgether with the tweaty-four-bour exareti
04 or base in urine (Jargensen 1937).

Micramnethed for Determlalag pi, pCO,,
$canderd Bicarbonate, asd Base Fxcess
When using macromethods for determining '
the above relevant values for charsateriving the
acid-basc salus, arterial punciures are necessary, TS
This is & drawbeck when frequent analyses are — | &y
seeded—For instante ot intervals of minutes in - X 143
cases with rapid changes in the respinstion (in b
anxphaiclogy, trestment in 3 reapintor; &c). :
A microosethad, gsing about 100 W, blood, wes
therefore dmk:pcd (Siggeard Andersen et al
1940
Principls
The thearetical backgronnd foe the cakculatiog!
of pCO,, sandard bicarbonate, and base cxcegd
is Dt graphs ahowing the relatioos betwoen
pCO, and pH wre spproximacely sursight Jne
{sdown experimentally by Brewin et al. 1958 »
Astrup 1956). The slope of the lines depsd

m;nbbodnmpkutmlwwn'o.tmuwm meter, A G thmuanmmmp.nmho—
mmrmxthepﬂﬁhxi the Line fogth dtum\:lc (ﬁ; 4) vording 1o, Seax (1957), aad &
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mgg}y sccurste; as the three values can be found with an MEDICAL ASPECTS UF ROAD ELY *

MD, BS Lond, MRCP, I
‘The advantage of frequent registration of pH, pCO,, T cwlf M:f“u crricen, L:hmx oov At
#5d base cxcess by the method Jdescribed here is illustrated drive safely requites the use O
in the following two wunes  Figs. 6 and 7 show 1 con—— mental qualiues in reasonuble degyfe. But these qualities
venient graphic system bor these three QUanti§es. can seldom _be precisely defingd and they unr?ot. be
Case §.—Fig 6 shows blood values from a po o female quantified. Perhaps the nature ghd amount Otth.t evesight
13 years old, eperated on for s defect in the arm S OTuImn. A; tequired for driving t."“g beegfmore fully esablished than
the beginnung of the operstion the values foc the ndy-respira- thote of other qualines, bt even here the bordettine
tory component indicsie 8 shght buse deficit, posaibly ¢ t)l o drive i3 somewhat -

Blustrative Cases

ctothe between fitness and un

postabecrptive phase. A manifest noo-respiratory ndosis abirary—
dfﬂk)p: 83 1oca as the blood of the pn:ie.m i mixed wil 5

Acvadents 19582 T s is 2 su‘uu ptopum'\\n of Lhc totel
number of acciden
& medical interest.
" The _clinucal

distribution between the d‘H-«rmt bod) m;ummm:, J
partly by cxidation of the lscuc acid. The second day after’
the operstion s noomal value is reached. . -

Toe curve for the respritory cumparent ! pCDJ shows fint

kﬁrmcm of y )qt mothcr,brmch,oLMedl-

the effect of overventlation Jurang the anmythesia — A shight U

piy (he appiication of clinical knowladge

nse in pCO, i3 scen when the hewrt-lung machine— s — ai
far requirement of driving vehicles safely;

cesponnible for the CO, excretion. When sponiardous raspiri-  to [ ¥
thon was cstablished wfter the opervtion the pCO, was bexrween and, ™R
%) and 60 tun. Hy, reachung a normal value within o few hours.  the fo '

The pH curve shows the resulting sction of the respiratory expericd)
aod DoS-respirstory Components oo the hydrogen-ica con- i ;
centration.

Case 2. The pronounced deviations from normal naid-bese
vilues seen in 8 pormal wndividua! (male 26 years old: by
maximal hyperventilauon, penods of specea, and mtmuve
muscular exsreie of short Jusation are illustrated in 6g. 7

Tbe rise in pCO, and the fell io pHl during the (wo apnaa

f:e--and unusual——positivn of having practieal
of both sides of this question. - Many adult

g vonvalescence of in reiaton 1o -chroaic

his_is_especially important for professional
ay be responsidle for the safety of many

Hitness to drive

t all doctors_Jrive themselves, they are 1o — -

for physiciany—on the ssteasment of -

g “Jdrivers who may scek advice cntheicfitness

been published _by_the_Amecican
(1959 whach bas also produced @
Oy, palienty, entited 7 Acre You Fit

periods are moderate and obiviously the fall io axygen saturation
fto shout 807, not memyured accuritely) is the limiting facor
fce e length of voluntary suspension of breath, During kyper
veonlation a 3l i pCO, to sdout 0 . Hg was odsenve
The muscular exercise was followed by encrmous hypery

Medical Association
- bght litde booklet

10 Drive 2. The BH
A-_ and the - World Heaalth

cganisation 1956) heve also

dgh Medical Assoqution {1934) 77 70

ulazion, dut the pCO wil now practically within

CO.V pmd\.am; is coxppensated by an equally incres
excretion by means of the hypervertilation. = - thr '
. o g T ec types of vehicle: {1} they

Qniy small vanations, within the pocmal limits, which teventy or more pas 3ol

¥ difereer NEAVY commercial vehicle, and 3 ?

IO Srver of pubuc-unuc and commdgrcial vehicles is a

he privete car. The

e socumuls.  the private-car ;
driving may ¢ for 1

vithlbaurx:xunbdlm!q pc:htn,md.n
yin o!mned —much a3 e\ght houxr y%f(vr ’ some sales

ton of large amcants of lactic aad. 3

Grest Buctustion in Owe pH from 7 38 sndy
orer & pericd of tea 10 Afteen mINYTEY, WH ,”
¥y 8 & in pCO, s£d in bave excess.”
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Disturbences in the scid-basz m
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. *The md \mm, to:t\m “for lvw, dchmed before M
ism have been - Caliege of Physiciaes of lon\ku ca Fed. 4. The fritge

cen blood valucs ‘pwed st waek
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C‘Ol - In wessing the fitness of Jgiers it is muu w cc-ruxckr :

] dﬂ@‘ profesiiona) who geaerally drives for By enl hours 8 day;
u viually A% mateur whose ™ -

4y be carried, (2) the ™

eapiratury. disturb-
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tica mesured under standand cogliitions 1 “ standard | Beowyn, B Gru R P, Nwdat,F. §, og Newl, E. \mucm. E);..

hoaate w Rep.
bicar e o che ihe ”" o amount, a3 “base A ST e Tree. e ParBu, T8,
eacens Yy of fued acid or base i
126 dectirg, 87 C
kmwiesjg: of the value of basefracess cenables the tol h oy S and ’ {h. u. Pecent 8, BT,

deficit or excess of bese in the Blood-volume and in the Aslrup, PUAT. \

) A Tas . 1 Mdk!ﬁln! K., Asrup P, tn’)w in the prees)

extracelluler space 1 be calculaged. ) Taichet, &, W, Vi Shie, D. D 11511 F hal. Chom. 36, 469 \
An sccurgte bodside me using capillry blood,  Prawos, F . 1984) Ugsslr. L.ag 118, 751

foe datermining all relevant biodd vatues for the identifica~ - Boiman, A S (1790 Lmer. ) Med. 17, 433,

ca of dist . \ Sars, M 11357 CHs. Chvm 3, 06

tion of disturbasces in “he sid-base met.ootiam, qu- Shwk. N ¥, Hggb’ A B (13 ) Mol Chea. IR I3

tatively aad quantitstis ely, has been devised. Ssa-uu wmm. s Engel, K. 1960 Scond J. chs Lad [wvert (n um
- - ]c;};;s.ii Astrup, P« 1980) dd \ia Uue prews).
Referemces o foor of maxt column Scrgrr, R B, Hsings, A. B (1543; Madicinr, Baltmors, 17, 223,

YmEq. per litre blood, Dever, AT W 11951 Abii@e o papers, Amencas Cdemical t,,

R (.
h



MEMORABW FPOR: THE RECORD. .

SUBJE"‘T | :+ Approval off ' SR tuly
of the "Psychopays “Lorrelates

of the Carbon Dioxide n.mrironment "o 7

ATTENDANCE

SUMMARY : 3 I ;
study was approved. It was recognized that.
a technique smdy as proposed but that, OncQR

Distribution: - - : e SR
orig & 3 - TSD/KB= -

et e T e
e i

£
A
o~
=
g
o e
AR .




e

, )
Y e o e
. e % . §
T CEDSER
LD
Dote BRoe - Date Fud
IR AR RIS . WERO MR Ty T

I(v 0

o 33 vy

R R

72W -
73 & $/ 22

WAL G R

A3 TE_, _AITE
Rezavss _Megtingwlb0Q s — —
JFriday, 26 Augustdof0 ..

IR

»

Fou




SEPARTSEIRT OF wEDCIAL
v

July 18,-

C.

Psychophysiologicol
Dioxide Envi

1960 .

e —

1 herva raviawed this request corsfully, 1t is really very intsresting for me
1o ses how methods for the onalysis of blood CO2 pH, ate. are becoming
' at alss happy 1o ses that

increcsingly oygllgl

Zrasted In using these methods ———— -

people wuch ¢ O ¢ |
to study men's FEGETTOOS TS ) roaTioms:  However, | am not at all
happy about tha hypothasls that they ors putting forward for thelr proposed

. rdm:k;‘,Ihlﬂxy*polhaﬁruams to-coms-in that category of, "let'sstudye .
A+ group of patlents and saa if they aren't abaormal with regord to thisor thet.

Thacs ore 30 many things that con couse the ocid-base equilibeium of peopla

M < idt
s ? ‘\vﬁ‘\o ehange tapldly over short parlods of time that, no matter what wos found

in @ survey of prychiatric patients as compared to nommals, - it would ke unliksly

that one could draw onyconclusions from the Find'ngs which would help one
vnderstand the rols of the Intrezellular CO In vorious forms of psychlatric

diseczai— My suggestion thea is thot these investigators have good methods

but that thale hypothesls ond axqerimental design leave somathing to ba desired,

| would supgest that we devots the sums availoble for work in this oree
to some profects that ore different, but maintain en cpen mind about t.ess
Investigators, :

Sincaraly,
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Dear HKANRHEER % )

Harewith 1s & propowal foF investigation of e piyehophysiological

corrslatas of the carbon dioxide enviroarmenk, _ I hope _that you will

find it interesting,

] oring a single reprint of the atady whien I did ﬁm;gjji,,,,i
935, which 1s referrsd %o in the 3pplicaticn, together with -

of tha recest report from Copenhagen 6n simplified aethods

 for.atadylng the sold-dass equilibriom,
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